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(57) ABSTRACT 

An apparatus for generating and providing a stable reference 
voltage to a boost regulator. The apparatus comprises a 
clamping circuit that is con?gured to receive a constant 
voltage and a variable voltage. The clarnping circuit is 
further con?gured to generate the reference voltage based on 
the constant voltage and variable voltage. The clarnping 
circuit provides the reference voltage to the boost regulator 
at a level that is at least sufficient to cause the boost regulator 
to output a non-Zero voltage. 

VDD RECTIFYING 
r_A_I:I I1.I_F_IIE§_ __ _ __ Tm‘ '_ ____ __ __ QMZLEIER 
I I I j 
: 44 : | 46 I 

I 
Vpc ——r—--+ V01 01 l ‘ Q2 V02 + . I Vmin 

I - I I - I 

I I I I 

g ‘a l ‘ 52 I 
I I, i\/ 
I_ .J I. _______ ___I 

Vref (VPC 0R Vmin) 
OUT 

bios \ 
36 



Patent Application Publication Aug. 7, 2003 Sheet 1 0f 11 US 2003/0146784 A1 

\\ E / Ql/T 

o: Y \ 97 OS 

\ 8. 

@ UK 

o: 

3 .DE 
:2 5E . d3 



Patent Application Publication Aug. 7, 2003 Sheet 2 0f 11 US 2003/0146784 Al 

on 
U 

18538.1 .508 

muZmc 26% 

FM 

11> 

N .UE 

2 . 3 

q Q 

586 2.55 @2523 8: 
3 

/\ EEO 2:38 

“61.38 $518 
pww 





Patent Application Publication Aug. 7, 2003 Sheet 4 0f 11 US 2003/0146784 A1 

om 
u 

autism 595m wom<zommm on; a moh?aomm 500m 

mmZmo 26m 

5 

% UK 

8 
q 

P586 

@2556 . @N @ 

.><._n_ma 8: 
§ 

fut $50 2238 

momzom .EmmmQQ 
rNN 



Patent Application Publication Aug. 7, 2003 Sheet 5 0f 11 US 2003/0146784 A1 

I RECTIFYING VDD RECTIFYING 
AMPLIFIER AMPLIFIER 

{'- “ _ ~ ~ _ “ _ "" "'“l I- ” ~ _ _ _ * _ _ _ "'l 

I I - I g 44 : : 4s ‘ 
I . Vpc V01 Q1 ' ‘ Q2 V02 VmIn 

I I I I - 
I I I I 

I i0 ' ~ L32 
I I I I 
L ______ _ __ .J L. _ _ _ _ _ ~ _ _ _ ._I I 

50 j ' Vref (VPC 0R Vmin) 

lb bIcIs \ 36 

SCALING NETWORK SCALING NETWORK 
CIRCUIT VDD CIRCUIT 

I‘ "‘ _ "‘ "I l_ '_ _ “I 

‘ g ' 44' 4e- ' : 
R1 v 1 . Vmin1 R1 I P6 I 

VpcI I + V01 01 02 I ' Vmin 
I R2 : " I I 

I 
i I I_ L36 I ' I I 
L _ _ _| L _ __ __I 

54 I OUT 
I Vref 

lb g9 bIcIs \ 36 



Patent Application Publication Aug. 7, 2003 Sheet 6 0f 11 US 2003/0146784 A1 

VDD 

.m m 

T‘! Um 
1 0V 

R 

2 6 

m R 3 

.l \ 

m V 
m 

s . 

m G b / 

2 

Q QT F I‘ 
W 1_A 

RR 9 b V = f ,m 

U V 

S 
Fr. 2 Fl R O __ + DUB RR 

G 
W .+ 

L 
A AA ORR 

S 

OUT 
Vref 

VDD 

SCALING + OFFSET 

V OFF 



Patent Application Publication Aug. 7, 2003 Sheet 7 0f 11 US 2003/0146784 A1 

VDD 

46 
R1 Vmin1 

Vmin 

R2 

OUT 
Vref 

bias SCALING + OFFSET 

VOFF : ' OFF ‘R1 

FIG. 9 

VDD 

46 
R1 ' 

Vrnin 
Vmini 

R2 

" OUT 

Vref 
SCALING + OFFSET 

VOFF : ‘ OFF ‘R1 



Patent Application Publication Aug. 7, 2003 Sheet 8 0f 11 US 2003/0146784 A1 

7 Q . 

5&5 . 

mocwh?wm h?>m?q E6 3/ 

» vcmmv 

vcm wcm 

yaw? 
zoom 36m W mm aumwcon 

Em , a * _ z 7 >8; 

7 é a. ‘ion; 

‘a v: _ k 4 33mm _ 3 

4 Ne, 90> x 

é N E 

7 Que No 5 8+ Q 

+ Q 2>>w no > 

on; $8.0 £6 ‘ 3? 5m 3 

. 38> @252, $55? 
i 

3 , 

2; 

‘02a 36 



Patent Application Publication Aug. 7, 2003 Sheet 9 0f 11 US 2003/0146784 A1 

mn/l 
E; m 

9.6 E 

Q .UE 

13> 
[A 

2; 

im? E 3 6 <<( 08, 

E; E mmmU 8a ?tzm 20E 



Patent Application Publication Aug. 7, 2003 Sheet 10 0f 11 US 2003/0146784 A1 

CD050 031250 0» 

0n . 

/ in“ DE 

3% E 

S 

m * ‘ 26> 

wcm vcm 

Ila w E 

Ea s z 

a 

)>> é 

n. 
in: 
> 

32 5&3 20E 



Patent Application Publication Aug. 7, 2003 Sheet 11 0f 11 US 2003/0146784 A1 

on . . i 

7/ E bi 

. F586 var/Wu ' Em 

025230 2 Ni 

Q * 26> 

w mm 

7 . img 

>1 <m Qw L/>> , . _\_. d. <<< 2“; 

é 30> .3 M 61> E wmmU 88 ?tnm 20E 



US 2003/0146784 A1 

METHOD AND CLAMPING APPARATUS FOR 
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BACKGROUND OF THE INVENTION 

[0036] 1. Field of the Invention 

[0037] This invention relates to display devices, and par 
ticularly to a clamping circuit for securing a minimum 
reference voltage of a boost regulator With a variable refer 
ence input in a display device. 

[0038] 2. Description of the Related Technology 

[0039] Recently, there has been a great deal of develop 
ment in the area of small ?at-panel displays Which require 
loW poWer and are generally used for PDAs (Personal 
Digital Assistants), cellular telephones and automobile 
instrumentation, for example. 

[0040] An OLED (Organic Light Emitting Diode) display 
or a PLED (Polymer Light Emitting Diode) is a Well-knoWn 
eXample of such small ?at-panel displays. The OLED dis 
play is becoming Widely used because it has many advan 
tages such as loW poWer consumption, full-color and Wide 
vieWing angle. Unlike a Liquid Crystal Display (LCD), the 
OLED is a current driven device. HoWever, it is similarly 
arranged in a 2 dimensional array (matriX) of piXels to form 
a video display. 

[0041] FIGS. 1A and 1B shoW typical physical structures 
of a PLED or OLED display device (Hereinafter PLED and 
OLED Will be referred to as PLED for convenience). A 
representative series of roW top electrodes 110, Which 
include parallel conductors 111-118, are disposed on one 
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side of a sheet of light emitting polymer 120. A represen 
tative series of column electrodes 138 that include parallel 
transparent conductors 131-138 are disposed on the other 
side of a light emitting polymer sheet 120, adjacent to a glass 
plate 140. Referring to FIG. 1B, 21 display cross-section 100 
shoWs a drive voltage V 160 applied betWeen a roW 134 and 
a column 111. The potential developed betWeen the roW 111 
and the column 134 across the thickness of the sheet 120 
causes current ?oW through the sheet 120 and causes the 
light emitting polymer 120 to emit light. The emitted light 
170 passes through the column conductor 134 Which is 
transparent. 

[0042] This structure results in a matriX of PLEDs, one 
PLED formed at each point Where a roW overlies a column. 
There Will generally be M><N PLEDs in a matriX having M 
roWs and N columns. Typical PLEDs function like light 
emitting diodes (LEDs), Which conduct current and emit 
light When a voltage of one polarity is applied across them, 
and block current and stop emitting light When a voltage of 
the opposite polarity is applied. EXactly one PLED is 
common to both a particular roW and a particular column, so 
as to control these individual PLEDs located at the matriX 
junctions. The PLED display device generally has tWo 
distinct driver circuits, one to drive the columns and the 
other to drive the roWs. It is conventional to sequentially 
scan the roWs (typically connected to the PLED cathodes) 
With a driver sWitch to a knoWn voltage such as ground, and 
to provide another driver, Which may be a current source, to 
drive the columns (Which are typically connected to the 
PLED anodes). 

[0043] A boost regulator is a circuit that automatically 
adjusts the amount of current ?oWing through a load in order 
to maintain a constant output voltage. The boost regulator 
performs such a function by comparing a reference voltage 
and an output sample voltage and generating a difference 
voltage betWeen the tWo. Afeedback control loop adjusts the 
regulator current output to minimiZe this difference, thereby 
achieving a constant output voltage. The boost regulator is 
used in many electronic devices. 

[0044] The boost regulator is also used in the PLED 
display device and generates a drive voltage for the current 
source of the PLED display based on an input reference 
voltage. In some situations, it happens that the input refer 
ence voltage of the boost regulator is unstable or is too loW 
so that the boost regulator can not provide a proper drive 
voltage for the current source. 

[0045] Thus, What is needed in the art is an apparatus for 
providing a minimum stable reference voltage to a boost 
regulator. 

SUMMARY OF THE INVENTION 

[0046] In response to the needs discussed above, an appa 
ratus is presented for securing a minimum reference voltage 
in a video display boost regulator. The invention may be 
embodied a number of Ways. 

[0047] One embodiment of the invention is that it provides 
a clamping apparatus Which generates a stable minimum 
reference voltage Which is provided to a boost regulator. The 
apparatus comprises a clamping circuit. The clamping cir 
cuit is con?gured to receive a constant voltage and a variable 
voltage and to generate a clamping voltage at a level that is 
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at least suf?cient to cause the boost regulator to output a 
non-Zero voltage, and to provide the clamping voltage to the 
boost regulator as the reference voltage. 

[0048] Another embodiment of the invention is to provide 
a display apparatus having at least one display element. The 
display apparatus comprises a boost regulator, a sampling 
circuit, a precharge circuit and a clamping circuit. The boost 
regulator receives a reference voltage and is con?gured to 
generate a drive voltage that is used for providing a current 
to the display element. The sampling circuit is con?gured to 
generate a representative display element voltage, Which is 
created When a knoWn current conducts through the display 
element. The precharge circuit is con?gured to generate a 
precharge voltage based on the representative display ele 
ment voltage. The clamping circuit is con?gured to receive 
the precharge voltage and a constant voltage and to generate 
a clamping voltage at a level that is at least suf?cient to cause 
the boost regulator to output a non-Zero voltage, and to 
provide the clamping voltage to the boost regulator as the 
reference voltage. 

[0049] Afurther embodiment of the invention is to provide 
a clamping apparatus Which provides a reference voltage to 
a boost regulator that has an input terminal and is con?gured 
to generate a drive voltage for a current source based on the 
reference voltage. The apparatus comprises ?rst and second 
input terminals, a clamping voltage generator and an output 
terminal. The ?rst and second input terminals are con?gured 
to receive a constant voltage and a variable voltage, respec 
tively. The clamping voltage generator is con?gured to 
generate a clamping voltage at a level that is at least 
sufficient to cause the boost regulator to output a non-Zero 
voltage based on the constant and variable voltages. The 
output terminal is con?gured to provide the clamping volt 
age to the input terminal of the boost regulator. 

[0050] Yet another embodiment of the invention is to 
provide a clamping apparatus that provides a reference 
voltage to a boost regulator that generates a drive voltage for 
a current source based on the reference voltage. The appa 
ratus comprises a ?rst voltage source con?gured to generate 
a constant voltage, a second voltage source con?gured to 
generate a variable voltage. The apparatus comprises a ?rst 
modifying circuit connected to the ?rst voltage source and 
con?gured to modify the constant voltage, and a second 
modifying circuit connected to the second voltage source 
and con?gured to modify the variable voltage. The apparatus 
also comprises a clamping circuit connected to outputs of 
the ?rst and second modifying circuits, and con?gured to 
generate the reference voltage based on the modi?ed con 
stant voltage and the modi?ed variable voltage, said refer 
ence voltage being provided to the boost regulator at a level 
that is at least sufficient to cause the boost regulator to output 
a non-Zero voltage. 

[0051] Still another embodiment of the invention is to 
provide a clamping apparatus that provides a reference 
voltage to a boost regulator that generates a drive voltage for 
a current source based on the reference voltage. The appa 
ratus comprises a ?rst voltage source con?gured to generate 
a constant voltage, and a second voltage source con?gured 
to generate a variable voltage. The apparatus also comprises 
a clamping circuit connected to an output of each of the ?rst 
and second voltage sources, and con?gured to generate the 
reference voltage based on the constant and variable volt 
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ages, said reference voltage being provided to the boost 
regulator at a level that is suf?cient to enable the operation 
of the boost regulator. 

[0052] One aspect of the invention concerns a method for 
providing a reference voltage for a boost regulator that 
generates a drive voltage for a current source based on the 
reference voltage. The method comprises generating a con 
stant voltage and generating a variable voltage. The method 
may further comprise generating the reference voltage based 
on the constant and variable voltages, Wherein the reference 
voltage is at a level that is at least suf?cient to cause the 
boost regulator to output a non-Zero voltage. The method 
may also comprise providing the reference voltage to the 
boost regulator. 

[0053] Another aspect of the invention is directed to a 
method of driving a display device having at least one 
display element and a boost regulator Which generates a 
drive voltage for a current to the display element based on 
a reference voltage. The method comprises conducting a 
knoWn current through the display element to generate at 
least a display element voltage. The method may also 
comprise sampling a representative voltage from the display 
element voltage, and providing a precharge voltage based on 
the representative voltage. The method may further com 
prise generating a constant voltage, and generating the 
reference voltage based on the precharge voltage and the 
constant voltage. The reference voltage being at a level that 
is at least suf?cient to cause the boost regulator to output a 
non-Zero voltage. The method may also comprise providing 
the reference voltage to the boost regulator. 

[0054] One feature of the invention relates to a method for 
providing a reference voltage for a boost regulator that 
generates a drive voltage for a current source based on the 
reference voltage. The method comprises generating a con 
stant voltage, generating a variable voltage, and modifying 
the constant voltage to a ?rst predetermined voltage. The 
method further comprises modifying the variable voltage to 
a second predetermined voltage, and generating the refer 
ence voltage based on the ?rst and second predetermined 
voltages. The reference voltage being at a level that is at 
least suf?cient to cause the boost regulator to output a 
non-Zero voltage. The method may also comprise providing 
the reference voltage to the boost regulator. 

[0055] Another feature of the invention relates to a method 
for providing a reference voltage for a boost regulator that 
generates a drive voltage for a current source based on the 
reference voltage. The method comprises generating a con 
stant voltage, and generating a variable voltage. The method 
further includes generating the reference voltage based on 
the constant and variable voltages, the reference voltage 
being at a level that is suitable to enable the operation of the 
boost regulator. 

[0056] In one embodiment, the invention is directed to a 
method for providing a reference voltage for a boost regu 
lator that generates a drive voltage for a current source based 
on the reference voltage. The method comprises generating 
a constant voltage, generating a variable voltage, and modi 
fying the constant voltage to a ?rst predetermined voltage. 
The method may further comprise modifying the variable 
voltage to a second predetermined voltage. The method may 
also comprise generating the reference voltage based on the 
?rst and second predetermined voltages, said reference 



US 2003/0146784 A1 

voltage being at a level that is suitable to enable the 
operation of the boost regulator. The method may also 
comprise providing the reference voltage to the boost regu 
lator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] The foregoing and other features and objects of the 
invention Will become more fully apparent from the folloW 
ing description and appended claims taken in conjunction 
With the folloWing draWings, in Which like reference num 
bers indicate identical or functionally similar elements. 

[0058] FIG. 1A is an exploded perspective vieW of a 
PLED display device, shoWing a typical physical structure 
of the PLED display device. 

[0059] FIG. 1B is a side elevation vieW of a PLED display 
device, shoWing a typical physical structure of the PLED 
display device. 

[0060] FIG. 2 is a block diagram of a typical PLED 
display device. 

[0061] FIG. 3 is a schematic diagram illustrating the 
circuit structures of a column driver, a roW driver and a 
PLED display. 

[0062] FIG. 4 is a block diagram of a PLED display 
device that comprises a clamping circuit according to the 
invention. 

[0063] FIG. 5 is a schematic diagram illustrating the 
circuit structure of one embodiment of the clamping circuit. 

[0064] FIG. 6 is a schematic diagram illustrating the 
circuit structure of another embodiment of the clamping 
circuit. 

[0065] FIG. 7 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0066] FIG. 8 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0067] FIG. 9 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0068] FIG. 10 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0069] FIG. 11 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0070] FIG. 12 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0071] FIG. 13 is a schematic diagram illustrating the 
circuit structure of still another embodiment of the clamping 
circuit. 

[0072] FIG. 14 is a schematic diagram illustrating the 
circuit structure of a further embodiment of the clamping 
circuit. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0073] The embodiments described beloW overcome 
obstacles to providing proper drive voltage for the current 
source of the PLED display due to the unstable reference 
voltage of the boost regulator. HoWever, the invention is 
more general than the embodiments Which are explicitly 
described, and is not to be limited by the speci?c embodi 
ments but rather is de?ned by the appended claims. In 
particular, the invention may be applied to other apparatus or 
boost regulators as long as the desired function of the 
invention is ful?lled. 

[0074] Referring to FIG. 2, a current source 22 generates 
a current for driving a PLED display 26 based on a voltage 
VHH Which is provided from a boost regulator 32. The 
current source 22 provides the current to a column driver 20. 
Referring to FIGS. 2 and 3, the column driver 20 comprises 
one column driver circuit (262, 264, 266) for each column. 
The column driver circuit 264 shoWs some of the details that 
are typically provided in each of the other column driver 
circuits (262, 266, . . . ), including the current provided from 
the current source 22, and a sWitch 272 Which enables a 
column connection 34 to be connected to either the current 
or to ground. Speci?cally, each column driver circuit (262, 
264, 266) is connected to the anodes of corresponding 
column PLEDs (202-242, 204-244, 206-246) so that the 
corresponding PLEDs (202-242, 204-244, 206-246) are pro 
vided With the current. 

[0075] A roW driver 24 includes representations of roW 
driver sWitches (208, 218, 228, 238 and 248). The roW 
sWitch 228 grounds roW K to Which the cathodes of PLEDs 
222, 224 and 226 are connected during a scan of RoW K. At 
the end of the scan period alloWed for roW K, the roW sWitch 
228 Will typically disconnect the roW from ground and apply 
VDD to the roW instead. Then, the scan of the neXt roW Will 
begin, With the roW sWitch 238 connecting the neXt roW to 
ground, and the appropriate column drivers supplying the 
current to the desired PLEDs, eg 232, 234 and/or 236. 

[0076] The PLED display 26 comprises M roWs and N 
columns as shoWn in FIG. 3, though only ?ve representative 
roWs and three representative columns are shoWn. Each 
PLED is connected to a parasitic capacitor CP. It is assumed 
that the current from the current source 22 is provided to the 
anode of the PLED 224 While a ground is connected to the 
cathode of the PLED 224. This condition is maintained for 
a period of settling time, T Which permits a steady state to 
be reached. HoWever, the provided current Will not How 
through the PLED 224 until the parasitic capacitor “CP1” is 
?rst charged. When the steady state has been reached, all of 
the current from the current source 22 ?oWs through the 
PLED 224 and no current ?oWs through to the parasitic 
capacitor “CP1”. 

[0077] A sampling circuit 28 samples a PLED voltage at 
a point on the column connection 34 When the steady state 
has been reached for the voltage on the parasitic capacitor 
“CP1”. When the steady state has been reached, the voltage 
of column connection 34 may be measured by for eXample, 
an analog to digital converter (not shoWn) and the digital 
voltage value may be stored in a memory (not shoWn). The 
sample voltage may change, for eXample, due to changes in 
the selected current, temperature, or age of the PLED. 
Typical desired PLED current can be betWeen 1 ua and 1 ma. 
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At approximately 100 pA and PLED steady state voltage is 
about 6 V at this current. The sampling circuit 28 is Well 
known in the art and commercially available. 

[0078] Aprecharge supply buffer 30 generates a precharge 
voltage Vpc based on the measured sample voltage. Vpc is 
ideally the voltage Which causes the PLED 224 to begin 
immediately at the voltage Which it Would develop at the 
steady state When conducting the selected current. The 
reason Why the precharge voltage Vpc is needed is that the 
current source 22 alone may be unable to bring a PLED from 
Zero volts to operating voltage during the entire scan period 
because of the time necessary to charge the parasitic capaci 
tor “CPI”. Vpc may be selected to match the measured 
sample voltage as closely as possible. For example, Vpc may 
be obtained by converting the digital voltage value stored in 
the sampling circuit 28 to a corresponding analog voltage. 
The precharge supply buffer 30 provides the precharge 
voltage Vpc as a reference voltage Vref to the boost regu 
lator 32. The precharge supply buffer 30 isolates the output 
of sampling circuit 28 from loading effects. 

[0079] The boost regulator 32 generates a voltage VHH 
that enables the current source 22 to generate and provide 
the current to the column driver 20. In this manner the 
column driver may drive the PLED display 26. The boost 
regulator 32 generates VHH that is approximately 2V 
greater than the precharge voltage Vpc. The extra voltage 
provides compliance for the operation of the current source 
22. HoWever, as mentioned above, the measured sample 
voltage may be variable because the sample voltage may 
change due to the selected current, temperature, or age of the 
PLED. Since VHH is generally designed to track the PLED 
voltage to save poWer consumption, VHH should be vari 
able. Here, the boost regulator 32 is Well knoWn in the art 
and commercially available. 

[0080] Referring again to FIG. 2, a feedback control loop 
is formed through the PLED display 26, the sampling circuit 
28, the precharge supply buffer 30, the boost regulator 32 
and the column driver 20. As described before, initially at 
poWer-on, there is no current that is ?oWing through the 
PLED display 26 since the current is ?oWing to a parasitic 
capacitor until the steady state has been reached. So, at 
poWer up the sampling circuit 28 measures a Zero voltage. 
Also, the output voltage Vpc of the precharge supply buffer 
30 is Zero. Here, the boost regulator 32 receives the sampled 
voltage or precharged voltage as its reference voltage (Vref). 
When Zero voltage is input to the boost regulator 32, it may 
happen that the reference voltage Vref of the boost regulator 
32 is Zero. This means that the boost regulator 32 Will try to 
regulate to a Zero voltage output. Therefore, the current 
source 22 Will have Zero poWer VHH and, accordingly, this 
results in a Zero current output from the current source 22. 
Thus, the PLED voltage remains at Zero. That means the 
PLED display device Will not operate during that timing 
period. 

[0081] Therefore, one object of the invention is to provide 
a clamping circuit that guarantees a minimum reference 
voltage to the boost regulator. The minimum reference 
voltage is a certain level of voltage that is suf?cient to enable 
the operation of the boost regulator While driving a PLED 
display device. The minimum reference voltage may also be 
a certain level of voltage that is at least sufficient to cause the 
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boost regulator to output a non-Zero voltage. For conve 
nience, the minimum reference voltage Will be referred to as 
Vmin hereinafter. 

[0082] In one embodiment of the invention, the clamping 
circuit is associated With the boost regulator. For purposes of 
discussion, the clamping circuit is described herein in con 
nection With the boost regulator used in the PLED/OLED 
display device. HoWever, it Will be appreciated that the 
clamping circuit is not limited to such a con?guration, but is 
operated in connection With any of numerous components of 
the display device. That is, the clamping circuit of the 
invention may be used With any boost regulator as long as 
the boost regulator has a reference voltage input that is not 
high enough to enable the appropriate operation of the 
apparatus that includes the boost regulator. 

[0083] FIG. 4 illustrates a block diagram of the PLED 
display device that comprises a clamping circuit 36 accord 
ing to the invention. In the illustrated embodiment, the 
clamping circuit 36 is connected betWeen the precharge 
supply buffer 30 and the boost regulator 32. HoWever, the 
PLED display device in FIG. 4 may be implemented With 
out the precharge supply buffer 30. In that case, the clamping 
circuit 36 can generate Vref based on the column voltage 
sampled by the sampling circuit 28. 

[0084] The clamping circuit 36 receives a precharge volt 
age Vpc from the precharge supply buffer 30 and a constant 
voltage Vmin from a constant voltage source that provides 
a ?xed voltage reference. Here, the constant voltage source 
comprises a battery and any other voltage source that has a 
substantially steady state value. The clamping circuit 36 
generates the minimum reference voltage Vref based on the 
precharge voltage Vpc and the constant voltage Vmin, and 
provides the reference voltage Vref to the boost regulator 32. 

[0085] There are various methods that can generate and 
provide the minimum reference voltage for the boost regu 
lator 32. One of these methods employs a clamping circuit 
36 to compare the tWo input voltages Vpc and Vmin and 
transmit the greater of the tWo as the reference voltage. For 
example, if Vpc>Vmin, the clamping circuit 36 outputs Vpc 
as the reference voltage of the boost regulator 32. While, if 
Vmin>Vpc, the clamping circuit 36 outputs Vmin as the 
reference voltage of the boost regulator 32. In addition, if 
Vpc>Vmin, the clamping circuit 36 may output K><Vpc that 
is proportional to Vpc, Where K is a constant Furthermore, 
if Vpc>Vmin, the clamping circuit 36 may output “Vpc-V0”, 
Where V0 is a predetermined voltage, as long as “Vpc-V0” 
satis?es the minimum reference voltage condition. There 
fore, if a proper Vmin is selected, the start-up operation of 
the boost regulator 32 can be ensured. 

[0086] In another embodiment, the clamping circuit 36 
can include a programmed processor (not shoWn) that per 
forms the above function. The processor may include, for 
example, a comparator (not shoWn) that compares Vpc and 
Vmin, an A/D converter (not shoWn) that converts Vpc and 
Vmin to digital data and a D/A converter (not shoWn) that 
converts the output digital data to an analog voltage signal 
for the reference of the boost regulator 32. 

[0087] FIG. 5 illustrates a circuit structure of one embodi 
ment of the clamping circuit 36. The clamping circuit 36 
comprises ?rst and second rectifying ampli?ers 50 and 52. 
Both rectifying ampli?ers 50 and 52 are connected to each 
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other at node “a”. Each of the rectifying ampli?ers 50 and 
52 include opamps 44 and 46, and transistors Q1 and Q2, 
respectively. The positive input terminal of the opamp 44 is 
connected to the precharge supply buffer 30 and receives the 
precharge voltage Vpc. HoWever, as discussed above, the 
positive input terminal of the opamp 44 may be connected 
to the sampling circuit 28 and may receive the sampled 
column voltage. The positive input terminal of the opamp 46 
is connected to a constant voltage source that provides the 
?xed voltage reference Vmin. The tWo negative terminals of 
the opamps 44 and 46 are connected to each other. It can be 
seen that the opamps 44 and 46 mirror the tWo input voltages 
Vpc and Vmin to the output reference voltage Vref. The 
output terminals of the opamps 44 and 46 are connected to 
the bases of the transistors Q1 and Q2, respectively. The 
collectors and emitters of the tWo transistors Q1 and Q2 are 
common. The emitters of the tWo transistors Q1 and Q2 are 
connected to the output terminal of the clamping circuit 36. 
A current source Ib is connected to the node “a” and 
functions as a bias current. 

[0088] Operation of the clamping circuit 36 may be 
eXplained by further reference to FIG. 5. For convenience, 
it is assumed that the outputs of the opamps 44 and 46 are 
Vo1 and Vo2, respectively, and that the voltage in node “a” 
is Va. Va is input to the negative terminals of the opamps 44 
and 46. 

[0089] Since the transistors Q1 and Q2 have a structure in 
Which either one Will operate at one time, if Vo1 is greater 
than Vo2, Q1 Will be turned on and Q2 Will be turned off. In 
this situation, the opamp 44 outputs “Vo1”[=A1><(Vpc-Va)], 
Where A1 is a gain of the opamp 44 and Va=[Vo1—offset 
voltage (hereinafter referred to as 0.7V)]. Combining the 
above tWo, it is determined that Vo1={[A1/(A1+1)]><Vpc+ 
0.7V}E(VPC+0.7 V), since A1 has a very large value in usual 
opamps, for eXample, 100,000. Therefore, it can be seen that 
“Va=Vref” equals Vpc. 

[0090] If Vo2 is greater than Vo1, Q2 Will be turned on and 
Q1 Will be turned off. In this situation, the opamp 46 outputs 
“Vo2”[=A2><(Vmin-Va)], Where A2 is a gain of the opamp 
46 and Va=(Vo2-0.7V). In these circumstances, it is deter 
mined that “Vref=Va” equals Vmin. Consequently, the 
clamping circuit 36 outputs the greater input of the tWo 
inputs Vpc and Vmin. Irregardless of the value of Vpc, it is 
ensured that the voltage Which is greater than Vmin or Vmin 
itself is provided to the boost regulator 32 as the reference 
voltage Vref thereof. 

[0091] In the embodiment of FIG. 5, MOS transistors may 
be substituted for the bipolar transistors Q1 and Q2. In this 
situation, the outputs of the opamps 44 and 46 may be 
connected to a gate terminal of each MOS transistor. The 
drain terminals and the source terminals of the MOS tran 
sistors may be common. The source terminals of the MOS 
transistors may be connected to the output terminal of the 
clamping circuit 36. 

[0092] FIG. 6 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The clamping circuit 
36 in FIG. 6 is the same as the one shoWn in FIG. 5 eXcept 
for further comprising scaling netWork circuits 54 and 56. In 
this embodiment, Vpc and Vmin are scaled to appropriate 
values according to the values of resistors R1 and R2. The 
purpose of the scaling is to provide an appropriate reference 
voltage to the boost regulator 32. The scaled voltage of Vpc 
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is (R2><Vpc)/(R1+R2) and hereinafter Will be referred to as 
Vpc1. The scaled voltage of Vmin is (R2><Vmin)/(R1+R2) 
and hereinafter Will be referred to as Vmin1. Vpc1 and 
Vmin1 are input to the opamps 44 and 46, respectively. In 
this case, Vmin should be set such that Vmin1 satis?es the 
minimum reference voltage for the boost regulator 32. The 
scaling netWork circuits 54 and 56 may be implemented as 
any electrical components so long as they satisfy the desired 
scaling effect With respect to Vpc and Vmin. 

[0093] FIG. 7 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The clamping circuit 
36 in FIG. 7 has the same con?guration as the one shoWn 
in FIG. 6 eXcept that a scaling and offset circuit 58 has 
replaced the scaling netWork circuit 54. The scaling and 
offset circuit 58 scales Vpc to an appropriate value according 
to the values of resistors R1, RA, and RB. In addition, the 
scaling and offset circuit 58 provides an offset effect With 
respect to Vpc. Here, the offset effect means that Vpc is 
subtracted as much as a predetermined offset voltage (Voff) 
and “Vpc-Voff” is used in the clamping circuit 36. The 
purpose of the scaling and offset is also to provide an 
appropriate reference voltage to the boost regulator 32. The 
scaled voltage of Vpc is (R2><Vpc)/(R1+R2), Where R2= 
[(RA><RB)/(RA+RB)]. The offset voltage Voff is determined 
as [(Vbg><R1)/RA] in this embodiment, Where Vbg is a 
constant voltage source. Combining the above tWo, Vpc2, 
the neW input voltage of the opamp 44, Will be {[(R2><Vpc)/ 
(R1+R2) g><R1)/RA]}. In this situation, if 
Vpc2>Vmin1, similarly to the operation discussed above, 
the clamping circuit 36 outputs Vpc2 as the reference 
voltage of the boost regulator 32. On the other hand, if 
Vmin1>Vpc2, the clamping circuit 36 outputs Vmin1 as the 
reference voltage of the boost regulator 32. In either case, it 
is ensured that the minimum reference voltage Vef is pro 
vided to the boost regulator 32. 

[0094] FIG. 8 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The clamping circuit 
36 in FIG. 8 is the same as the one shoWn in FIG. 6 eXcept 
that a scaling and offset circuit 60 has replaced the scaling 
netWork circuit 54. Since the resistor RI is connected 
betWeen Vpc and the input terminal of the opamp 44, 
“Ioff><R1” acts as an offset voltage With respect to Vpc. The 
scaled voltage of Vpc in FIG. 8, Which is the same as the one 
in FIG. 6, is (R2><Vpc)/(R1+R2). Combining the above tWo, 
Vpc2, the neW input voltage of the opamp 44, Will be 
{[(R2><Vpc)/(R1+R2)]—[Ioff><R1]}. In this situation, if 
Vpc2>Vmin1, similarly to the operation discussed above, 
the clamping circuit 36 outputs Vpc2 as the reference 
voltage of the boost regulator 32. On the other hand, if 
Vmin1>Vpc2, the clamping circuit 36 outputs Vmin1 as the 
reference voltage of the boost regulator 32. Either of these 
tWo cases satis?es the minimum reference voltage condition 
for the boost regulator 32. 

[0095] FIG. 9 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The only difference 
betWeen the clamping circuit in FIG. 9 and the one in FIG. 
8 is that the bipolar transistors Q1 and Q2 have been 
replaced by PMOS transistors P1 and P2, and the polarities 
of the opamps 44 and 46 have been reversed in FIG. 10. 
HoWever, NMOS transistors and the opamps 44 and 46 
having the same polarity as the one in FIG. 8 may be used. 
In this embodiment, Vpc2 is input to the negative terminal 
of the opamp 44, and Vmin1 is input to the negative terminal 
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of the opamp 46. The positive terminals of the opamps 44 
and 46 are connected to each other. The operation of the 
clamping circuit 36 is the same as the one of the embodiment 
shoWn in FIG. 8. Therefore, a detailed description of the 
operation of the clamping circuit shoWn in FIG. 9 Will be 
omitted. 

[0096] FIG. 10 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The only difference 
betWeen the clamping circuit in FIG. 10 and the one in FIG. 
9 is that the PMOS transistor P2 has been replaced by 
NMOS transistor N, and the polarity of the opamp 46 has 
been reversed in FIG. 10. That is, the polarity of the opamp 
46 is the same as the one of the embodiments shoWn in 
FIGS. 5-8. The remaining elements of the clamping circuit 
36 are the same as those of the clamping circuit 36 shoWn 
in FIG. 9. Therefore, a detailed description of the operation 
of the clamping circuit shoWn in FIG. 10 Will be omitted. 

[0097] FIG. 11 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The clamping circuit 
shoWn in FIG. 11 is similar to the one of FIG. 7. The 
clamping circuit 36 in FIG. 11 further comprises ?rst and 
second input terminals 38 and 40, and an output terminal 42, 
and tWo current sources 11 and 12 connected to the opamps 
44 and 46, respectively. Vmin in FIG. 7 has been replaced 
by Vbg in FIG. 11. That is, in FIG. 11 Vbg is used as Vmin 
as Well as a voltage source for an offset voltage With respect 
to Vpc. In addition, the numerical values of R1, RA, RB, 
RX, and RY are exempli?ed in FIG. 11. The ?rst input 
terminal 38 is connected to the output of the precharge 
supply buffer 30 or the sampling circuit 28. The second input 
terminal 40 is connected to a constant voltage source that 
provides the ?Xed voltage reference Vbg. The positive 
terminal of the ?rst opamp 44 is connected to the ?rst input 
terminal 38 through the resistor R1. The positive terminal of 
the second opamp 46 is connected to the second input 
terminal 40 through the resistor RX. The negative terminals 
of the tWo opamps 44 and 46 are connected to each other. It 
can be seen that the opamps 44 and 46 mirror the tWo input 
voltages Vpc and Vbg to the output reference voltage Vref. 
The current sources 11 and 12 are connected to the negative 
terminals of the opamps 44 and 46. The current source 13 for 
bias is connected to the emitters of the transistors Q1 and 
Q2. 

[0098] Operation of the clamping circuit 36 may be 
eXplained by further reference to FIG. 11. For convenience, 
it is assumed that the input voltages of the opamps 44 and 
46 are Vpc1 and Vbg1, respectively, that have experienced 
a voltage drop by the scaling and offset effect as discussed 
above. Also, it is assumed that the outputs of the ?rst and 
second opamps 44 and 46 are Vo1 and Vo2, respectively, and 
that the voltage in node “a” is Va. Va is input to both the 
negative terminals of the ?rst and second opamps 44 and 46. 
Vpc1 is input to the positive terminal of the ?rst opamp 44. 
Also, Vbg1, shoWn as 0.8V in FIG. 11, is input to the 
positive terminal of the second opamp 46. 

[0099] As discussed With reference to the clamping circuit 
36 shoWn in FIG. 5, if Vo1 is greater than Vo2, the clamping 
circuit 36 outputs Vpc1 as the reference voltage Vref 
through the output terminal 42 to the boost regulator 32. If 
Vo2 is greater than Vo1, the clamping circuit 36 outputs 
Vbg1 as the reference voltage Vref through the output 
terminal 42 to the boost regulator 32. Consequently, the 
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clamping circuit 36 outputs the greater input of the tWo 
inputs Vpc1 and Vbg1. Since Vbg1 may be selected as a 
greater value than Vmin, it is ensured that the voltage Which 
is greater than Vmin is provided to the boost regulator 32 as 
the reference voltage Vref thereof. 

[0100] In the embodiment of FIG. 11, MOS transistors 
may be substituted for the bipolar transistors Q1 and Q2. In 
this situation, the outputs of the ?rst and second opamps 44 
and 46 may be connected to a gate terminal of each MOS 
transistor. The drain terminals and the source terminals of 
the MOS transistors may be common. The source terminals 
of the MOS transistors may be connected to the output 
terminal 42. 

[0101] FIG. 12 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. The clamping circuit 
36 in FIG. 12 is implemented Without the opamps 44 and 46. 
This embodiment assumes that an input voltage to the 
transistor O1 is Vpc1 and an input voltage to the transistor 
O2 is Vbg1. If Vpc1>Vbg1, Vref is obtained as [Vpc1—0.7 
V]. If Vbg1>Vpc1, Vref is found to be [Vbg1—0.7 V]. If 
proper resistor values are selected for R1, RA, RB, RX and 
RY, Vref is found to be (Vpc1—0.7 V) Which is greater than 
Vmin. Also, Vref is obtained by the relationship (Vbg1—0.7 
V) Which is greater than Vmin. Here, MOS transistors may 
also be substituted for the bipolar transistors Q1 and Q2. 

[0102] FIG. 13 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. In this embodiment, 
the clamping circuit 36 is implemented With diodes D1 and 
D2 instead of the transistors Q1 and Q2 of FIG. 11. For 
convenience, it is assumed that the input voltages of the 
opamps 44 and 46 are Vpc1 and Vbg1, respectively, and that 
the outputs of the ?rst and second opamps 44 and 46 are Vo1 
and Vo2, respectively. Also, it is assumed that the voltage in 
node “a” is Va. Va is input to the negative terminals of the 
?rst and second opamps 44 and 46. Since D1 and D2 have 
a structure in Which either one Will operate at one time, if 
Vo1 is greater than Vo2, D1 Will be turned on and D2 Will 
be turned off. In this situation, the ?rst opamp 44 outputs 
Vo1[=A1><(Vpc1-Va)], Where A1 is a gain of the ?rst opamp 
44 and Va is found to be (Vol-0.7V) Combining the above 
tWo and referring to corresponding descriptions in FIG. 4, 
Vol is found to be (Va=Vref=Vpc1). If Vo2 is greater than 
Vo1, D2 Will be turned on and D1 Will be turned off. In this 
situation, the second opamp 46 outputs Vo2[=A2><(Vbg1— 
Va)], Where A2 is a gain of the second opamp 46 and 
Va=Vo2-0.7V. In this situation, “Vb” (=Vref) is found to be 
Vbg1. If proper resistor values are selected for R1, RA, RB, 
RX and RY, Vref is found to be (Vpc1—0.7 V) or (Vbg1—0.7 
V) Which is greater than Vmin 

[0103] FIG. 14 shoWs a schematic diagram of another 
embodiment of the clamping circuit 36. In this embodiment, 
the clamping circuit 36 is implemented Without opamps 44 
and 46. This embodiment assumes that an input voltage to 
the diode D1 is Vpc1, and that an input voltage to the diode 
D2 is Vbg1. If Vpc1>Vbg1, Vref is found to be [Vpc1—0.7 
V]. If Vbg1>Vpc1, Vref is obtained as [Vbg1—0.7 V]. 
Similar to FIG. 7, When proper resistor values are selected 
for R1, RA, RB, RX and RY, Vref is obtained as (Vpc1—0.7 
V) or (Vbg1—0.7 V), Which is greater than Vmin. 

[0104] The clamping circuits of FIGS. 5-11, and 13 
include opamps 44 and 46, but the clamping circuits of 
FIGS. 12 and 14 do not include opamps. The clamping 
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circuits With opamps have the advantages of higher input 
impedance and higher gain than those Without opamps. 
Thus, the clamping circuits With opamps produce a sharper 
clamping level. Consequently, each clamping circuit 36 in 
FIGS. 5-14 can generate the allowable minimum voltage 
and provide the voltage to the boost regulator 32. 

[0105] While the above description has pointed out novel 
features of the invention as applied to various embodiments, 
the skilled person Will understand that various omissions, 
substitutions, and changes in the form and details of the 
device or process illustrated may be made Without departing 
from the scope of the invention. For example, those skilled 
in the art Will understand that the orientation, polarity, and 
connections of electric components in the clamping circuit is 
a matter of design convenience as long as the apparatus can 
output the minimum reference voltage for boost regulator, 
and Will be able to adapt the details described herein to an 
apparatus having different components, or different polari 
ties. Any such different con?gurations may therefore pro 
vide a substantially equivalent basis for providing the mini 
mum reference voltage, and thus may be used for the 
purpose in alternative embodiments. All such alternative 
apparatus are implicitly described by extension from the 
description above, and are contemplated as alternative 
embodiments of the invention. Therefore, the scope of the 
invention is de?ned by the appended claims rather than by 
the foregoing description. All variations coming Within the 
meaning and range of equivalency of the claims are 
embraced Within their scope. 

What is claimed is: 
1. An apparatus for providing a reference voltage to a 

boost regulator that generates a drive voltage for a current 
source based on the reference voltage, the apparatus com 
prising: 

a ?rst voltage source con?gured to generate a constant 
voltage; 

a second voltage source con?gured to generate a variable 
voltage; and 

a clamping circuit connected to each of the ?rst and 
second voltage sources, and con?gured to generate the 
reference voltage based on the constant and variable 
voltages, said reference voltage being provided to the 
boost regulator at a level that is at least suf?cient to 
cause the boost regulator to output a non-Zero voltage. 

2. The apparatus of claim 1, Wherein the clamping circuit 
is con?gured to output as the reference voltage a greater one 
of the constant voltage and the variable voltage. 

3. The apparatus of claim 2, Wherein the clamping circuit 
comprises ?rst and second components con?gured to receive 
the constant voltage and the variable voltage respectively, 
and third and fourth components con?gured to receive 
outputs of the ?rst and second components respectively and 
to output the reference voltage to the boost regulator. 

4. The apparatus of claim 3, Wherein the ?rst and second 
components comprise ?rst and second opamps respectively, 
the ?rst opamp being con?gured to receive the constant 
voltage in one input terminal thereof, the second opamp 
being con?gured to receive the variable voltage in one input 
terminal thereof, and another input terminal of the ?rst 
opamp being connected to another input terminal of the 
second opamp. 
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5. The apparatus of claim 4, Wherein the third and fourth 
components comprise ?rst and second transistors respec 
tively, each transistor having ?rst, second and third termi 
nals, each ?rst terminal of the ?rst and second transistors 
being con?gured to receive each output of the ?rst and 
second opamps, and Wherein the second and third terminals 
of each transistor are connected respectively to the second 
and third terminals of each other transistor, and the third 
terminals of each transistor are con?gured to provide the 
reference voltage to the boost regulator. 

6. The apparatus of claim 5, Wherein the transistors 
comprise bipolar transistors. 

7. The apparatus of claim 5, Wherein the transistors 
comprise MOS transistors. 

8. The apparatus of claim 7, Wherein the MOS transistors 
comprise PMOS transistors. 

9. The apparatus of claim 7, Wherein the ?rst transistor 
comprises a PMOS transistor, and the second transistor 
comprises an NMOS transistor. 

10. The apparatus of claim 4, Wherein the third and fourth 
components comprise ?rst and second diodes respectively, 
each diode having ?rst and second terminals, the ?rst 
terminals of each diode being con?gured to receive outputs 
of the ?rst and second opamps respectively, and Wherein the 
second terminals of each diode are connected to the second 
terminals of each other diode and to another input terminals 
of the ?rst and second opamps, and the second terminals of 
the diodes are con?gured to provide the reference voltage to 
the boost regulator. 

11. The apparatus of claim 2, Wherein the clamping circuit 
comprises ?rst and second transistors respectively, each 
transistor having ?rst, second and third terminals, the ?rst 
terminals of each transistor being con?gured to receive the 
constant and variable voltages respectively, and Wherein the 
second and third terminals of each transistor are connected 
respectively to the second and third terminals of each other 
transistor, and the third terminals of the transistors are 
con?gured to provide the reference voltage to the boost 
regulator. 

12. The apparatus of claim 2, Wherein the clamping circuit 
comprises ?rst and second diodes each having ?rst and 
second terminals, the ?rst terminals of each diode being 
con?gured to receive the constant and variable voltages 
respectively, and Wherein the second terminals of each diode 
are connected to the second terminals of each other diode 
and con?gured to provide the reference voltage to the boost 
regulator. 

13. The apparatus of claim 1, further comprising a display 
device having at least one display element, and Wherein the 
second voltage source comprises a voltage measurement 
circuit Which is con?gured to measure a representative 
display element voltage created When a knoWn current 
conducts through the display element and to provide the 
representative display element voltage to the clamping cir 
cuit as the variable voltage. 

14. The apparatus of claim 13, Wherein the display device 
includes a matrix of Polymer Light Emitting Diodes 
(PLEDs), and the display element is a particular PLED 
Within the matrix. 

15. The apparatus of claim 13, Wherein the display device 
includes a matrix of Organic Light Emitting Diodes 
(OLEDs), and the display segment is a particular OLED 
Within the matrix. 










